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(57) Claims 

L A memory device, wherein field-effect transistors having variable threshold 
values serve as storage elements, said storage elements are arranged in matrices in the 
row and column directions, and the source of a single storage element is connected to a 
data line by the selection signals in row and column directions, wherein said memory 
device is characterized by comprising: 

a first circuit for generating a plurality of pulse voltages that vary between a 
first voltage, which is sufficient to change said threshold values, and a prescribed 
second voltage; 

a second circuit for presenting a write enable signal to said data line every time 
said pulse voltage reaches the first voltage; and 

a third circuit for reading the information stored by storage elements that has 
appeared in said data line every time said pulse voltage reaches the second voltage, 
blocking the write enable signal of said second circuit when a.prescribed threshold 
valOe has been reached, and presenting said data line with a write inhibit signal. 

2. A methcxi for using semiconductor devices arranged in such a way that field- 
effect transistors having variable threshold values serve as storage elements, a plurality 
of gates of said storage elements are connected in parallel in the column direction, and 
a plurality of storage elements are selected from among the plurality of storage 
elements in said column direction by the sdection signals in the row and column 
directions, wherein said method for using semiconductor devices is characterized by the 
fact that 

the routine described below is performed while the gates of the plurality of 
storage elements in said column direction are presented with a plurality of pulse 
voltages that vary between a first voltage, which is sufficient to change said threshold 
values, and a prescribed second voltage. 

CO Every time said pulse voltage reaches the first voltage, a write enable signal 
is presented to the source of the storage element for which the threshold value is to be 
changed. 




(ii) The information stored by the storage elements selected by the selection 
signals in the row and column directions is read every time said pulse voltage reaches 
the second voltage. 

(iii) Write inhibit signals are selectively presented to the sources of the storage 
elements that correspond to those portions of said read information which have changed 
their state. 

Detailed Description of the Invention 

The present invention relates to a memory device in which insulated-gate field- 
effect transistors that permit stored data to be electrically rewritten are used as storage 
elements, and to a method for using such a device. 

Of storage devices in which semiconductor elements with information storage 
capabilities are arranged in matrices by circuit integration technology to allow the 
information to be read in a nondestructive manner, semiconductor storage devices in 
which information stored by the semiconductor elements can be rewritten by electrical 
signals from the outside have attracted particular attention in recent years. Japanese 
Patent Publication 51-42901 describes an example of such a semiconductor storage 
device, in which the field-effect transistor shown in Figure 1 is used as a storage 
element. 

This field-effect transistor is constructed in such a way that the surface of a 
semiconductor having one type of conduction (for example, the surface of a p-type 
silicon substrate 1) is provided with a source region 2 and a drain region 3 having the 
opposite type of conduction (n-type); a source electrode 4 and a drain electrode 5 in 
ohmic contact with these regions are provided; and a gate electrode 8 is formed via 
insulation layers 6 and 7 on the surface of the silicon substrate between the 
aforementioned n-type regions 2 and 3. The aforementioned substrate 1 can also be a 
region separated by a pn junction on an integrated circuit substrate. In addition, the 
insulating layers immediately underneath the aforementioned gate electrode consist, for 
example, of a silicon dioxide layer 6 and a silicon nitride layer 7, and electric charges 
pass from the substrate 1 through the layer 6 due to the tunneling effect, and collect 
and accumulate in the layer 7 when an electric field exceeding the critical value is 
applied in a direction perpendicular to the insulating layer by the gate voltage Vq and 
the substrate voltage Vsb. These charges can be retained in the silicon nitride layer for 
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a certain time even after the aforementioned electric field has been removed, and can 
be easily released by applying an electric field exceeding a certain value in a direction 
opposite that mentioned above. 

For example, when the substrate voltage Vsb, source voltage Vg, and drain 
voltage Vd of the field-effect transistor in Figure 1 are each set to 0 V, and the gate 
voltage Vq is set to a high positive voltage Vp (for example, 25 V), electrons are 
injected into the silicon nitride layer 7, and these injected electrons remain in the r 
layer 7 even after the gate voltage is removed,, attracting positive charges to the surface - 
of the silicon substrate 1 and raising the conducting threshold voltage of the transistor, ^ 
Conversely, when the source voltage Vj and the drain voltage are removed and the 
substrate voltage Wsb is set to Vp and the gate voltage to 0 V, the electrons are expelled 
from the silicon nitride layer 7, a positive charge is acquired, and the threshold voltage 
of the transistor decreases. Therefore, the state of the aforementioned threshold voltage 
can be made to correspond to the or "0" of binary information, and the storage 
state of the information in the field-effect transistor can be determined based on 
\yhether or not the transistor is conductive when a prescribed gate voltage has been 
applied. 

However, in semiconductor storage devices in which such field-effect transistors 
are used as storage elements, the charge captured and accumulated by the insulating 
layers is gradually reduced by natural discharge, changing the threshold voltage. It is 
therefore necessary to test whether or not such storage elements possess sufficient 
information holding time during the examination of semiconductor storage devices, and 
to select and remove storage devices containing the faulty storage elemrats whose 
infonhation holding time does not satisfy a specific value. Such testing is also needed 
for the ranking of semiconductor storage devices by information holding time. 

Figure 2 is a diagram schematically showing the deterioration characteristics (i) 
and (ii) of the aforementioned thr^hold voltages Vwi and Vwq. Time is plotted on the 
horizontal axis. In this example, each threshold voltage converges virtually 
rectilinearly to the threshold voltage V-nto of the natural state as a result of the fact that 
the time axis has a logarithmic scale. When the allowable design range of the detection 
levels of a readout detector falls between Vri and Vrqi the time during which 
information is held by a storage element that has the deterioration characteristics shown 
in Figure 2 above is expressed as the time t^x it takes for the threshold voltage Vy^i to 
reach level Vri. Since the value of the aforementioned Iri is extremely large in this 
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case (from several to ten years), the actual testing of information holding characteristics 
involves detecting the threshold voltage Vwi' at time ti (after a prescribed time has 
elapsed following the initial setting time to) and estimating characteristics (I) on the 
basis of the initial value Vwi and the detected value Vwi'. 

However, the numerous storage elements that are formed into matrices on the 
substrates of such semiconductor storage devices are such that not only is the degree of 
change of the threshold voltage caused by the aforementioned natural discharge 
different in each case, but also the amount of charge collected and accumulated upon 
the application of the same write pulse ^n other words, tiie initial threshold voltage 
itself) is different for each element. A resulting disadvantage is that, strictly speaking, 
the quality of the information holding characteristics of storage devices must be 
determined by temporarily storing the initial value of the threshold voltage of each 
element, comparing the threshold voltage with the stored value after a predetermined 
time has elapsed, and determining individual attenuation levels. This procedure 
requires the use of large-capacity data storage means as testing devices, and the testing 
itself becomes a highly complicated procedure. 

An object of the present invention is to offer a memory device capable of 
bringing the threshold voltages of the aforementioned information-rewritable field- 
effect transistors to a prescribed level, and to offer a method for using this device. 

Aimed at achieving the stated object, the memory device of the present 
invention is characterized by the fact that quaUty is determined by a process in which a 
gate voltage whose magnitude is sufficient to change the threshold voltage is repeatedly 
applied in the form of narrow pulses to the field-effect transistors constituting the 
storage elements of the device, and a write inhibit signal is applied to the source when 
the threshold voltage has reached a predetennined value, whereby the initial threshold 
voltages of all the storage elements in the storage device are equalized, and the state of 
change of the threshold voltage of each storage element is measured after a prescribed 
time has elapsed. 

In addition, the memory device of the present invention is characterized by the 
fact that information supplied from the outside is read to the gate electrodes of a group 
of row-direction and column-direction field-effect transistors that constitute the storage 
elements of the device, a control circuit is provided for selectively applying two types 
of voltages (high and low) in accordance with read control signals, and the storage- 




element field-effect transistors are alternately presented via the aforementioned control 
circuit with high-voltage pulses sufficient to change the threshold voltage and with a 
base voltage for detecting the threshold voltage during the testing of the information 
holding characteristics, making it possible to apply a prescribed gate voltage serving as 
a reference voltage for detecting the conduction state of a transistor via the 
aforementioned control circuit during a common procedure for reading the stored 
information. 

The principle and practical examples of the present invention will now. be 
described in detail with reference to drawings. 

Figure 3 is a diagram illustrating the principle of the method for testing the 
semiconductor storage device pertaining to the present invention. In the present 
invention, the initial threshold voltages of all the field-effect transistors constituting the 
storage elements, that is, the threshold voltages during the writing of information at 
time to, are made to conform to a constant value Vw, and the threshold voltage of each 
element is detected after a prescribed time t^ has passed. In Figure 3, it is assumed that 
the aforementioned detection values of three storage elements are A, B, and C, and that 
the attenuation tendencies of the threshold values with respect to the initial value Vw 
continue unchanged even past time tp Under these conditions, it is assumed that the 
time needed for the threshold voltage of each element to reach the detection level Vri 
will agree with the guaranteed time of data retention in the element with the detection 
value A, the element with the detection value B will exceed this level, and the dement 
with the detection value C will drop to a level Vr in a short time tc. Therefore, once 
the initial threshold voltage of each storage element is brought to the level of V>v, the 
quality of each storage element can very easily be determined merely by estimating 
whether the threshold value detected at time ti is higher or lower than Vjs, where V^s 
is a threshold voltage corresponding to the aforementioned detection value A. 

Because the tlireshold voltage of a field-effect transistor corresponds to the gate 
voltage at the boundary point at which the conduction state of the transistor changes 
from "on" to "ofr or from "ofr to "on," the following should be done to bring the 
initial threshold voltage of each storage element to the level of V^: narrow pulses of 
high voltage should be repeatedly applied to the gate electrode to gradually raise the 
threshold voltage of each storage transistor, the voltage should be applied to the 
gate electrode interchangeably with the application of each pulse to examine the 
conduction state of the transistor, and the application of the aforementioned high- 
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voltage pulses should be stopped once the conduction state of the transistor has 
changed. In addition, the threshold voltage should be detected after a prescribed time 
has passed by bringing the gate voltage to the level of the set voltage V^s and 
examining the conductivity of each storage transistor. 

It is desirable for the reference voltage level applied to the gate electrode during 
the reading of information from a storage element in a normal manner to be set to Vtho 
in Figure 2 in order to obtain; the longest stored information holding time, but if this 
reference voltage level is set to a value between the aforementioned Vtho and the 
aforementioned Vri (for example, at Vr), a comparison with the reference Voltage Vr 
may indicate that the threshold voltage Vwo, which corresponds to "0" stored as 
information, is itself "0," irrespective of the changes undergone by this voltage. Thus, 
an advantage is that even when the information holding time is sacrificed to some 
extent, writing "0" as information (that is, erasing stored information) can be 
simplified, and it is sufficient to test only the deterioration characteristics of the 
threshold voltage Vwi corresponding to an iniEbrmational one. 

The. present invention will now be described in detail through the practical 
examples shown in Figures 4 through 7. Figure 4 is a diagram depicting the entire 
structure of a semiconductor storage device integrated into a circuit on a single 
semiconductor substrate. In the figure, 20-1 through 20-£ are memory-forming 
regions, each having a plurality of storage cells. The column of each memory-forming 
region contains n storage cells in the row direction and n x m storage cdls in the 
column direction. 10 is the address decoder in the column direction (Y direction), and 
11 is the address decoder in the row direction (X direction). These decoders set the 
selection signals of either Yi through Y„ or Xi through X„ to "1" in response to the 
address data presented via an address bus 100 firom the outside. Both the selection 
signals Y, through Y„ and the selection signals Xi through X„ are presented to the 
corresponding t memory-forming regions 20-1 through 20-^, and the t selected storage 
cells are accessed simultaneously. RAV is a control signal input terminal for indicating 
whether information should be read from the addressed storage cell or written to it. 
During reading, the information of the addressed cell is outputted to terminals Dq-I 
through Do-£, and during writing information is written to a storage cell in accordance 
with the signals of terminals D,-l through Dp^. In other words, this semiconductor 
storage device is configured in such a way that ^-bit data can be inputted in parallel. 



1 




Circuits 17-1 through 17-m, which are connected to circuits 15 and 16 and to a row- 
direction address decoder 11, are described with reference to Figure 5. 

For the sake of convenience, only two (20-1 and 20-2) of the aforementioned t 
memory-forming regions are shown in Figure 5. In these memory-forming regions, 
only four (Mn, Mi„, M^^i, and of the storage cells arranged as matrices having n 
elements in the row durection and m elements in the colunm direction are shown. 

\ 

The description will focus on the memory-forming region 20-1, The storage 
cell Mn comprises a storage element (transistor) Qn composed of the aforementioned 
field-effect transistor with the controllable threshold voltage, and a selection element 
(transistor) Q^' connected in series to the first transistor. Each of the other storage 
cells (Mia through M^J is also composed of two paired transistors. 

In each matrix column, the sources of the selection transistors are connected 
together to column conductors 101-1 through 101-n, and the drains of the storage 
transistors are connected together to column conductors 102-1 through 102-n. In each 
row, the gates of the storage transistors are connected together to row conductors 103-1 
through 103-m, and the gates of the storage transistors are connected together to row 
conductors 104-1 through 104-m. 

The aforementioned column conductors 101-1 through lOl-zi are connected to a 
sense amplifier 12 via transistors Qyi through Qy„, and the conductivity of the 
aforementioned transistors Qyi through Qy^is selectively controlled by the output 
signals Yi through of the column-direction (Y-direction) address decoder 10, 
making it possible for the output of the corresponding column conductors to be read to 
the terminal Dq via the aforementioned sense amplifier. 

A circuit 13 that is designed to control the source voltages of storage elements 
and that comprises transistors Q32 and Q33 connected in series is connected to the input- 
side terminal of the aforementioned sense amplifier 12. In this control circuit 13, the 
source of the transistor Q33 is connected to a potential Vgs (= 0 V); the conductivity of 
said transistor Q33 is controlled by the output of an inverter circuit 15 comprising 
transistors Q22 and Q23, which are switched by read/write control signals; and the 
transistor Q33 becomes conductive when a write instruction control signal has been 
inputted to the terminal R/W, as described below. In addition, the conductivity of the 
other transistor (Q32) is controlled by control signals presented to an outside 
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terminal D|, Therefore, the control circuit 13 functions in such a way that the source 
of a storage element to which information is being written is set to or brought to an 
open state in accordance with the control signals applied to the aforementioned 
terminal Di. 

The column conductors 102-1 through 102-/1 are connected to circuits 14-1 
through 14-/I that are designed to control the drain voltages of storage elements and that 
are composed of inverter circuits each of which comprises transistors Q20 and Q21. 
These control circuits 14 apply one of the following signals to the drains of storage 
elements connected to the corresponding column conductors in accordance with the 
conduction state of the transistor Q2o- the source potential V^s of said transistor Q20, or 
the drain potential (= 20 V) of the transistor Q21 presented by a terminal SV. The 
conduction state of the aforementioned transistor Q20 is determined by the output of 
another inverter circuit (circuit 16). This circuit comprises transistors Q24 and Q25 that 
are switched by the output of the aforemaitioned inverter circuit 15, 

The output signals Xj through X„ from an address decoder 11 in the row 
direction (X direction) are inputted to circuits 17-1 through 17-m for controlling the 
gate voltage of individual storage elements. These control circuits 17 consists of the 
following components: first inverter circuits composed of transistors Q25 and Q27, in 
which one of the row selection signals Zj through X„ is used as a switch control signal; 
transistors Q28 connected in series to the output side of these inverter circuits; second 
inverter circuits composed of transistors Q30 and Q31, in which the switching is 
controlled by the output of the transistors Q28; and transistors Q29 connected in parallel 
on the output side of the aforementioned transistors Qis-. The f-th row selection 
signal Xj controls the switching of the first inverter of a control circuit 17-i and 
controls, via a row conductor 103, the conductivity of the selection transistors Qu' 
through Qin' of the storage cell connected to this row conductor. In addition, the output 
of a second inverter determines, via a row conductor 104, the gate potentials of the 
storage transistors (storage elements) Qn through connected to this conductor. 

In each of the aforementioned control circuits 17-1 through 17-m, the drain of 
the transistor Q29 is connected via a conductor 106 to an outside terminal P together 
with the drains of the load-side transistors Q27 and Q31 of the first inverter circuit and 
the second inverter circuity and the high voltage Vp (= 25 V) applied to this terminal is 
presented. The aforementioned terminal P doubles as a drain voltage feed terminal for 
the load-side transistors Q23 and Q25 of the inverters 15 and 16. The source of the 
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drive-side transistor Q^o of the second inverter circuit is connected to an outside 
terminal M via a conductor 10 and is presented with a voltage Vm, and the output 
voltage of the inverter 15 is applied to the gate of the transistor Qjg. The 
aforementioned voltage is set [i] to a level (for example, 5 V) that corresponds to 
the threshold voltage to be equalized when the test method of the presMit invention is 
implemented, [ii] to a level (for example, 3 V) that corresponds to V-^ in Figure 3 
described above when the deterioration of stored information is examined following 
storage for a prescribed time, and pii] to a reference voltage within the Vr, to Vrq 
range shown in Figure 1 above when a regular user attempts to read the information 
from the semiconductor storage device. ^ 

The operation of the aforementioned semiconductor storage device will now be 
described. The case considered here will be one in which the decoders 10 arid 11 
output signals in which one of Yi and X, is "1" and the other is "0" as a result of using 
the address data presented from the outside, that is, one in which the storage cell 
has been selected. 

The terminal R/W is presented with a high-level control signal when reading has 
been designated, and with a low-level control signal when writing has been designated. 
First, the transistor Q22 is switched off when a signal that spedfies writing has been 
inputted to the aforementioned terminal R/W, so the output of the inverter circuit 15 
acquires the potential Vp (= 25 V) of the termmal P, and because the transistor Q24 of 
the inverter circuit 16 is switched on, the output level thereof is the source potential 
(Vss = 0 V) of the aforementioned transistor Q24. 

The high-level output of the aforementioned inverter circuit 15 switches on the 
transistor Q33 of the circuit 13 for controlling the source voltage of storage elements, 
and switches on the transistor Qjg of the circuits 17-1 through 17-m for controlling the 
gate voltage of the storage elements. In addition, the low-level output of the inverter 
circuit 16 switches off the transistor Q29 of the aforementioned control circuits 17-1 
through 17-m, and switches off the transistor Q20 of the circuits 14-1 through 14-/i for 
controlling the detection value of the storage elements. 

At this point, the circuits for controlling the gate voltage of the storage elements 
operate in such a way that the transistor Q26 of the first control circuit 17-1 is switched 
on by a selection signal Xi, with the result that the output of the first inverter circuit is 
brought to the level of the source potential Vss (= 0 V) of the transistor Q26, and this 
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change switches off the transistor Q30 of the second inverter via the transistor Qjs- The 
high voltage Vp (= 25 V) presented from the terminal P is therefore outputted to the 
first row conductor 104-1, bringing to the write level the gate voltage of the storage 
transistors Qn through Q,„ contained in this row. Another row conductor, 103-1, is 
also endowed with a high-level potential by a selection signal Xi, and the selection 
transistors Qu' and Q,/ contained in this row are rendered conductive. Because the 
selection signals X2 through X„ for the other control circuits 17-2 through 17-m are at a 
zero level, the transistor Q30 of each of the second inverter circuits is switched on, the 
potential of the row conductors 104-2 through 104-m assumes the voltage (= 5 V) 
of the terminal M, and the potential of the row conductors 103-2 through 103-m 
becomes 0 V. 

It should be noted that a high-level signal is applied and the transistor Q32 
switched on during a period in which it is permissible to write information to a storage 
cell, and that a low-level signal is applied and the transistor switched off during a 
period in which an attempt is made block the writing of information. 

If one assumes now that the transistor Q32 is on, then the output-side potential of 
the cpntrol circuit 13 will be Vss (= 0 V). Because this potential renderis the 
transistor Qyi conductive by means of a colunm selection signal Yi, the &st column 
conductor 101-1 is at 0 V but the other column conductors (101-2 through 101-n) are in 
an open state. • On the other hand, the transistors Q20 of the aforementioned 
circuits 14-1 through U-N for controlling the drain potential of storage elements are . 
off, so the column conductors 102-1 through 102-n are connected to the potential 
(20 V) of the terminal SV via load transistors 021- 

When the storage cells Ma through M„i of the first column are considered in 
this case, it becomes clear that the column conductor 102-1 acquires Vss (= 0 V) 
because both the selection transistor Qn' and the storage transistor of the storage 
cell Mil become conductive. In the transistor Qn of the storage cell M,i, both the 
source and the drain are in the Vjs state (= 0 V), and a high voltage Vp (= 25 V) is 
applied to the gate, satisfying the information write conditions. By contrast, in the 
other storage cells (Mji through M„,) of the first column, the drains of the storage 
transistors Q21 through Q„„ are at 0 V, and the gates are at a low potential Vm 
(= 5 V), so fewer charges are injected into the gate insulating layer than in the case of 
the storage cell Mi,, increasing the threshold voltage only slightly. It can thus be 
assumed that these are in a write inhibit state. When the storage cells M12 through Mi„ 
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(cells other than the cell Mn) of the first row are considered, it becomes clear that the 
column conductors 101-2 through 101-n of the selected transistors in these storage cells 
are in an open state and that the column conductors 101-2 through 101-« located on the 
storage transistor side acquire the potential (= 20 V) of the terminal SV, with the result 
that, in practice, the potential difference between the two ends of the gate insulating 
layer is a low 5 V even when the gate of a storage transistor has a high potential of 
25 V, and these components are also in a write inhibit state. 

In the storage cell Mn, the column conductor 101-1 is in an open state, and the 
other column conductor 102-1 is at 20 V when a low-level signal is inputted to a 
terminal Di and the transistor Q32 of the circuit 13 for controlling the source voltage of 
the storage elements is switched off, so the same voltage application conditions as those 
for the aforementioned storage cells through Mi^ (cells other than Mjj) are 
established, and information writing is blocked. 

The operation of a circuit in which a control signal (high-level signal) that 
specifies writing has been inputted to the termmal R/W will now be described. In this 
case, the output of the inverter 15 has a low-level voltage Wss (- 0 V), and the ou^ut 
of the inverter 16 has a high-level voltage Vp (= 25 V). Consequently, the 
transistor (Jjg is off and the transistor Q29 is on in the circuit 17-1 for controlling the 
gate voltage of storage dements, and the transistor Q30 of the second inverter is 
rendered conductive by the high-level ouq)ut Vp presented by the aforementioned 
transistor Q29. The conductor 104-1 of the first row is therefore presented with the 
potential that exists on the side of the transistor Q301 that is, with the voltage Vm 
[applied] to the terminal M. 

In the circuit 13 for controlling the drain voltage of storage cells, the 
transistor (^33 is off, and is hence unrelated to the operation of read circuits. In 
addition, because the transistors (J20 of the circuits 14-1 through 14-n for controlling 
the drain voltage of storage cell are in a conductive state, the source potential Vss 
(= 0 Y) of the transistors Q20 is applied to the column conductors 102-1 through 102-/1 
located on the storage transistor side of each storage cell. 

Of the selection transistors of the first row that are rendered conductive by the 
row selection signal X,, only Qn', which is connected to the transistor Qyi rendered 
conductive by the column selection signal Yj, is connected to the sense amplifier 12. 
In the storage cell Mn, as described above, a voltage V^, is applied to the gate of the 
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storage transistor Qu, and the relation between this voltage and the threshold 
voltage Vth of the aforementioned transistor Qu is conductive when - V-th > 0, 
and nonconductive when Vm - V™ < 0. Consequendy, the state of a storage ceU can 
be read to the output terminal Dq via the sense amplifier 12, which outputs "1" and "0" 
signals depending on whether the input circuit is conductive with respect to Wss- 

The above description primarily concerned the memory-forming region 20-1, 
but the operation of the memory-forming region 20-2 can be described in the same 
manner. Specifically, the memory-forming region 20-2 is connected in parallel to the 
memory-forming region 20-1, and, in a particular example of the storage cell Mn, th'e 
column conductors 103-1 and 104-1 are in a common mode with the storage cell of 
the memory-forming region 20-1, as is the row conductor Y,. A difference is that 
write and read signals are presented from the terminals Dj.j and D^j, respectively. 
The same is true for other storage cells. 

It is apparent from the above description that the semiconductor storage device 
shown in Figure 4 is such that two types of gate voltages (high and low) can be 
selectively applied to the gates of storage transistors by the circuits 17-1 through 17-m 
for controlling the gate voltages of storage cells, and that the conduction state of the 
storage transistors can be detected in accordance with the voltage applied to the 
terminal M during the reading of stored information. 

The method for testing the storage holding characteristics that pertains to the 
present invention and that is performed using the device described in the practical 
example above will now be described with reference to Figure 6. Figure 6A depicts 
the control signal waveform inputted to the terminal R/W. In this example, the storage 
cell Mu is addressed during the period between to and tj, a signal with a pulse width of 
5 us is applied to the terminal RAV during the period between t, and tj, the address is 
updated and the storage cell addressed during the period between t2 and tj, the 
same pulse signal as above is applied to R/W during the period between tj and t4, and 
such signal application is then repeated for all storage cells. The aforementioned 
periods between ti and tj and between t3 and t4 should be set to 20 ms, and the effective 
write time to 10 ms, when the semiconductor storage elements involved are such that 
the time during which a high-voltage pulse (for example, 25 V) is applied to a storage 
element is, for example, 10 ms during a common operation write procedure. 
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The aforementioned pulse A is applied to the terminal RAV in such a way that a 
Vp of 25 V is applied to the terminal P, and a V^^ of 5 V is applied to the terminal M. 
In addition, as shown in Figures 6E and 6F, a signal with a level of 1 is first applied to 
the terminal Di of each storage cell, and the signal of the aforementioned Di is 
switched to "0" in response to the change in the output of the terminal Dq from "0" to 
"1/ 

The result is that the threshold voltages of the storage transistors Qn 
through Qi| contained in the corresponding storage cells Mn, M12, and My are such that 
the information read procedures are repeated and the threshold voltages allowed to 
increase gradually, as shown in Figures 6B, 6C, and 6D. In addition, reading and 
writing are performed interchangeably, and the reading is accomplished by applying a 
base voltage to the gates of storage elements, whereby the fact that the threshold 
voltage VxH has matched the aforenientioned base voltage can be detected based on 
the change in the output waveform of the terminal Dq, as shown by the waveform E, 
and the signal applied to the terminal is changed from "l" to "O" in response to this, 
as shown by the waveform F, whereby any further writing of information is prohibited. 
The consequence is that, for example, in the case of the storage element Qu, any. 
further injection of electrons into the storage element is prohibited, and the 
threshold voltage remains constant, even when write pulses are applied to the 
terminal R/W after the threshold voltage has matched the base value at time tei- 

Waveform D depicts a case in which the threshold voltage of the storage cell Qij 
rises very slowly and fails to reach the basic value within a prescribed time. It. is 
expected that with such a storage element, the threshold voltage achieved immediately 
after information has been written in the course of normal use is lower than that of any 
other storage element, and that the information holding time will be shorter than that of 
any other element. It is therefore possible to conclude that the storage device is faulty 
when such a faulty element has been detected in the course of an examination process, 
and to exclude [this device]. Correspondence to the aforementioned faulty element can 
be determined based on the signal of the terminal Dq at time tg. 

In the storage device shown in Figure 4, the aforementioned information is 
written in parallel fashion to the ^-bit storage cells of the memory-forming region 20-1 
through 20-£, and the signals of the terminals Dpi through D^-^ are switched to the 
write inhibit state for each bit that has reached a prescribed threshold voltage. 
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Figure 7 depicts an example of a test apparatus for carrying out the first of the 
aforementioned test processes. In the figure, 30 is a semiconductor storage device, 40 
is a data processing device for processing data in accordance with a prescribed 
sequence defined by a program, and 41 is a display device for displaying the 
determination results obtained by the aforementioned data processing device. In 
addition, 31 is a latch circuit for sequentially receiving the ou^ut of the terminal Dq 
during the information read operation of the semiconductor storage device, and 32 is an 
inverter circuit for applying the inverted signal of the ouq)ut of the aforementioned 
latch circuit 31 to the terminal D^. These latch circuit and inverter circuit are provided 
for each bit of ^-bit parallel data, but only one of each is shown here, In the 
aforementioned circuit structure, the data processing device 40 applies 5 V to the 
terminal M while sequentially addressing the storage cells in the semiconductor storage 
device 30, a control signal corresponding to the waveform A previously described with 
reference to Figure 5 is outputted to the terminal RAV, the data of the latch circuit 31 
is read to each of the storage cells every time a prescribed write pulse output has been 
completed, the detection results are displayed by the display device 41 when a faulty 
element corresponding to the aforementioned Qy has been detected, and the outcome is 
displayed by the display device 41 when information has been written to all the storage 
cells at a unified threshold voltage, notifying the operator that another seniiconductor 
storage device is to be tested. 

The adoption of the circuit structure shown in Figures 5 and 7 above allows the 
same threshold value to be set for storage cells in different memoty-forming regions. 
Specifically, the storage cells Ma in the memory-forming regions 20-1 through 20-2 in ' 
Figure 5 are each selected by the same row signal Yi and column signal Xj, and pulses 
are applied to gates in the same manner, but these Mn are not limited to haying the 
same threshold characteristics and can have nonuniform threshold voltages if these 
threshold voltages are allowed to vary under the same conditions. In this practical 
example, however, individual storage cells can be brought separately into a write 
inhibit state because the signals of the terminals and Di.2 can each be inverted and 
the transistors Q32 switched off in the memory-forming regions 20-1 and 20-2, 
respectively. 

Thus, a semiconductor storage device for which information has been written 
(first process) in such a way that ail the storage cells have acquired a unified threshold 
voltage is allowed to stand for a predetermined tinie during a second process in order to 
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observe the deterioration of stored information. In this case, the threshold voltage 
decreases only slightly due to natural discharge in an ordinary environment, and 
considerable time is needed to detect any visible change. It is therefore preferable for a 
semiconductor storage device to be introduced, for example, into an atmosphere heated 
to about 85**C in order to promote the deterioration of the stored information and to 
induce discernible changes in the threshold voltage in a comparatively short period of 
about 24 hours. 

Irrespective of the method adopted, the present invention involves a procedure 
in which the semiconductor storage device is set for a second time into the test 
apparatus shown in Figure 6^ in order to test a third process after information has been 
written and a prescribed time elapsed. At this point, the voltage applied to the 
terminal M of the semiconductor storage device is Vxs, that is, lower than the 
voltage Vm (for example, 5 V) used during the first process. As has already been 
described above with reference to Figure 3, the voltage Yys corresponds to the 
allowable limit of deterioration for the threshold voltage of a storage element and is, 
for example, about 3 V. 

A necessary feature of third-process testing is that each storage cell is checked 
for conductivity when the aforementioned reference voltage Vxs (for example, 3 V) is 
applied to the gate of the cell. This operation is equivalent to reading information from 
each of the storage cells using V^s as a reference voltage. The program sequence 
needed for the data processing device 40 during the third process should therefore 
involve steps in which the storage cells are sequentially addressed, a control circuit that 
specifies reading is applied each time to the R/W terminals of the storage cells, 
detection results are displayed by a display device when a faulty element is detected 
based on the output of the latch circuit 31, and determination results are displayed 
when the quality of all the storage cells has been analyzed, completing the testing. 

As described above, the method for testing semiconductor storage devices that 
pertains to the present invention is extremely simple and is effective in ensuring the 
reliability of the semiconductor storage devices because there is no need to store the 
states of individual storage elements when information is written and because checking 
the state of each storage element after a predetermined time has elapsed can show if this 
element is faulty by merely reading data at a prescribed reference voltage. 

* Translator's note: The apparatus is shown in Figure 7, 
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The semiconductor storage device proposed in the practical examples of the 
present invention is suitable for performing the aforementioned test method at a high 
speed and has a very simple circuit structure. It is also apparent that the test method 
and the semiconductor storage device of the present invention can be adapted to storage 
devices whose storage cells are based on principles slightly different frpm those 
employed in the storage cells described in the practical examples. 

Brief Description of the Drawings 

Figure 1 is an elemental structural drawing depicting an example of the 
semiconductor storage element to be used with the present invention, Figure 2 is a 
drawing illustrating the deterioration of the information stored in the aforementioned 
semiconductor storage element, Figure 3 is a drawing illustrating the principle of the 
method for testing semiconductor storage devices that pertains to the present invention, 
Figure 4 is a circuit diagram showing the first practical example of the semiconductor 
storage device pertaining to the present invention, Figure 5 is'a circuit diagram 
depicting in further detail a portion of the device shown in Figure 4 above, Figure 6 is 
a signal waveform diagram illustrating the initial process of the testing method 
pertaining to the present invention, and Figure 7 is a diagram depicting an example of 
the overall structure of a testing apparatus used to carry out the testing method 
pertaining to the present invention. 

In Figure 5, Mn through are storage cells, 10 is a column-direcdon 
address decoder, 11 is a row-direction address decoder, 12 is a sense amplifier, 13 is a 
circuit for controlling the source voltage of storage elements, 14-1 through 14-n are 
Circuits for controlling the drain voltage of storage elements, and 17-1 through 17-m 
are circuits for controlling the gate voltage of storage elements. 
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)d^BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLORED OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

^<5iNES OR MARKS ON ORIGINAL DOCUMENT 

□ REPERENCE(S) OR EXHIBIT(S) SpBMITTED ARE POOR QUALITY 

□ OTHER: 
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